Iridium-coated rhenium (It/Re) provides thermal margin for high performance and long life radiationcooled rockets.
INTRODUCTION
The key to high performance and long lifetimes for radiation-cooled rockets is the chamber material.
The material system currently used for radiationcooled rockets is a niobium alloy (Cl03) with a disilicide coating (R512E).
Because of the thermal limitations of the coating, C103 rockets have a useful maximum operating temperature of 1370 *C. In order to keep the wall temperature under the thermal limits of the material, fuel film cooling (FFC) is typically employed.
FFC significantly degrades rocket performance and, in some cases, imposes a plume contamination issue.
A material system composed of a rhenium (Re) substrate and an iridium (Ir) coating has been used to demonstrate high-temperature (2200 *C), long-life (hours) operation for radiationcooled rockets using Earth storable propellants (refs. l and 2). The added thermal margin afforded by iridium-coated rhenium (Ir/Re) allows the reduction or elimination of fuel film cooling, which promotes more efficient combustion. 
EVALUATION OFRHENIUM-TO-C103 JOINTS Evaluation Procedure
Two Re-to-C103, explosively-bonded plates, eachapproximately 5.1 by 15 by 1.1 cm, were received fromNorthwest Technical Industries (NTI). TheRethickness wasapproximately 0.64cm,while theC103was0.48cm thick.Thetwo platesrepresented differences in the parameters usedin the explosive bondprocess andwerelabeled lot #2090 andlot #2097, respectively. Lot #2097usedlower energy parameters for bonding thanlot #2090. Two Re-to-Cl03, diffusion-bonded plates, each5.1by 2.2 by 0.80cm,werereceived fromAdvanced Methods andMaterials (AMM). TheRethickness wasapproximately 0.32cm,whiletheC103 was 0.48-cm thick.
Each plate was fabricated using the same process parameters.
A diffusion-bonded tube with a C103 exterior and a Re interior was also provided by AMM.
Each of the explosively-bonded and diffusionbonded plates were sectioned into sandwich and "Z" coupon configurations, as shown in figure 3. Sandwich coupons were used for the EB welding of Re and C103 tabs before being cut into Z coupons. The diffusion-bonded tube was sectioned into ring shear samples, as shown in figure 4. Joint coupon shear testing and analyses were performed at the University of Dayton. In order to assess the integrity of the joints, the flat plate coupons were shear tested under the following conditions:
• As-received • After being subjected to 100 thermal cycles from 100 to 1100°C
• After the addition of a Re and/or C103 EB weld tab
• After the addition of a Re and/or C103 EB weld tab and being subjected to 100 thermal cycles from 100 to 1100°C fig. 5 ) in order to reduce bending moments that may have resulted from pulling the coupon.
Results and Discussion
The shear test results from the explosivelyand diffusion-bonded joint coupons are summarized (in bold print) in tables II and III, respectively.
The data generated from this study is presented along with the data (in plain print) from the previous study (ref. Figure  13 shows the depth profile of the coupon that was not thermally-cycled.
The profile shows a high concentration of Nb and a relatively low amount of Re at depths to 8 gm. (Carbon and iron signals were present from the stainless steel ball used to create the crater).
At a depth of about 9 lam, there was a sharp decrease in Nb concentration and sharp increase in Re concentration. This profile indicates that the coupon fractured in the bulk Nb rather than at the joint. The sharp transition at 9 _tm, indicated that there was little Re/Nb interdiffusion. Figure  14 shows the depth profile of the coupon which had a C103 EB weld tab and was thermallycycled.
From The small number of coupons also make it difficult to assess the effects of the EB weld tabs on the joint strength ( fig. 11) . As was the case for the explosively-bonded coupons, the addition of C103 EB weld tabs alone did not result in any significant loss of strength. The same was true for the thermallycycled coupons with a Re tab and both Re and C103 
Inertia-welded,
Re/Nb-7.5Ta rods were found to have high strength (299 MPa ultimate shear strength) after being subjected to 2 hours at 1370°C. Full-size rings (simulating the injector-to-chamber joint) were found to be leak tight (to 2 MPa) after 2 hr at 1370°C and 30 thermal cycles of room temperature to 1370°C. The ring coupons were then subjected to 50 shear cycles of a 9.8-kN load and 25 shear cycles of a 14.7-kN load, followed by shear tests to failure. The thermal cycling and shear loading were conducted to simulate the anticipated duty cycles. The inertia-welded, Re/Nb-7.5Ta rings were found to have substantial margin (137 to 145 MPa ultimate shear strength)
to withstand the stresses induced by launch vibration and on-orbit firing.
Full-size, diffusion-bonded, Re/Ta rings were found to be leak tight to 2 MPa. A diffusion-bonded, Re/Ta ring was subjected to the same thermal cycling and shear loading as the inertia-welded ring and found to have 276 MPa ultimate shear strength. As with the inertia-weld coupons, the diffusion-bonded ring had substantial margin to withstand launch vibration and on-orbit induced stresses.
Explosively-bonded,
Re/Ta/Cl03 flat plates were found to have high strength (262 MPa ultimate shear strength) after being subjected to 2 hr at 1370 *C and 30 thermal cycles of room temperature to 1370°C. Under a NASA Small Business Innovative Research program (ref. 11), three full-size, explosively-bonded, Re/Ta/Cl03 rings were fabricated, each using different joining parameters.
The ring joined using nominal joining parameters was found to be leak tight to 
